The establishment and evaluation of a n assessment system to accredit sonographers for measuring the carcass traits of subcutaneous fat depths and longissimus muscle area (LMA) on potential breeding animals by real-time ultrasound is described. Repeatability of operators, variation between the animal's left and right sides, and variations in technique were assessed from measurements and repeat measurements of 30 cattle by up to eight operators at three testing sessions. Accuracy of carcass data was determined by repeatability of measurements, variability between measurers, between left and right sides of the carcass, and variation due to handling and dressing procedures. Correlations with carcass data averaged .92 for rump fat, .90 for rib fat, and .87 for LMA. Residual SD averaged .81 mm, .88 mm, and 5.1 cm2. A very experienced sonographer can measure LMA only marginally less accurately than it can be measured on the carcass. In Session 3, the SE between repeat fat measurements for accredited sonographers averaged .43 mm, indicating that fat depths can be measured more accurately, but when comparing measurements from different operators, adjustments may be required for differences in technique, otherwise overall accuracy will be about the same, approximately 1 mm. Scanned rump fat measurements were consistently approximately 20% higher than on the chilled, hanging carcass 24 h after slaughter; after applying the standard correction factor of 1.17, LMA measurements were similar. Scan and carcass rib fat measurements were similar for animals with I 10 mm of fat cover, above which carcass measurements tended to be higher.
Introduction
The introduction of carcass specification systems, allowing premiums for products aimed at specific markets, and greater focus of attention on the end product, retail yield of lean beef, have stimulated a demand for genetic evaluation of carcass traits. However, only small numbers of cull animals are slaughtered by breeders who produce bulls for commercial use, so reliable estimates of genetic merit for all potential breeding animals cannot be obtained from direct carcass measurements alone. Indirect measurement by ultrasound overcomes this, allowing multiple-trait animal model prediction methodol-Real-time ultrasonic scanning (RTUS), using a new generation of portable equipment originally designed for medical purposes, recently has offered the potential to produce quick and accurate measurements at moderate cost. Turner et al. (19901 described applications in the North American livestock industry. However, for reliable measurements, substantial technical skills had to be developed and maintained. Here we report the development and evaluation of a training and accreditation procedure derived from that used by Texas A&M University (L. S. Pelton, personal communication1 to assist users of RTUS for breeding or other purposes.
1668

ROBINSON
Materials and Methods
Initial 3-d training courses were conducted using local expertise and the help of L. S. Pelton of Texas A&M University. These courses helped to develop and standardize good techniques. After application of a n oil couplant and combing of the hide, if necessary, subcutaneous fat depths were measured by ultrasound, to the nearest millimeter, at the P8 site and midway between the 12th and 13th ribs over the longissimus muscle (LM), 3/4 of the way toward its lateral edge. The P8 site is over the gluteus muscle on the rump, at the intersection of a line through the pin bone parallel to the chine and its perpendicular through the 3rd sacral crest. There are no obvious features to identify this clearly on the sonogram, so it is important to ensure correct positioning of the transducer before measurement. The standard procedure was to place the cursors of the electronic callipers in the middle of the hide-fat interface and the middle of the layer separating fat and muscle for rump fat and at the bottom of this often thicker layer for rib fat, taking care not to mistake fat seams for interfaces. Slight movements of the transducer may aid image interpretation. Use of minimal gain settings displaying discrete and sharp images and avoidance of compressing fat layers were advised. Standoff pads were not used for fat measurement.
Machine settings were then adjusted, if necessary, to provide the best possible images of the LM, ensuring that interfaces with other muscles and features such as the characteristic dip and the "V" shape a t the lower medial corner of the LM were clearly visible. Correct positioning of the transducer midway between and parallel to the 12/13th ribs was checked. Video recordings were then made and selected stills were traced from the monitor onto acetate sheets. Areas were measured with a planimeter or digitizer. After completing the training course, several participants obtained their own equipment (usually an Aloka 210 DXII with 3.0-MHz linear array transducer or Toshiba SAL 32B with 3.5-MHz transducer, though one Pye Data 480 with 3.5-MHz transducer was also used) to practice and develop the skills required to satisfy the accreditation test.
The requirements for accreditation, summarized in Table 1 , were defined by the need to provide an effective genetic evaluation service. Basically, operators should 1) understand the principles of ultrasound scanning technology and be familiar with the basic principles of performance recording and genetic evaluation and 2) be able to produce repeatable scans bearing a clear and consistent relationship to the carcass data. The latter ensures that animals rank similarly on either scan or carcass data, and that selection for ET AL. one is equivalent to selection for the other. Correct answers were required to at least 20 out of 25 questions in a multiple choice questionnaire to satisfy the first requirement. The second requirement was assessed by a scanning proficiency test. Candidates scanned 30 animals for rump fat at the P8 site plus rib fat and longissimus muscle area (LMA) between the 12th and 13th ribs. The animals' identity tags were changed and a second set of scans was taken to assess repeatability. Cattle were chosen from commercial sale lots of British and European breeds to be representative of the range of carcass measurements in herds using the scanning service ( Table 2) .
The variation for carcass traits within animals of the same sex in a breeding herd born in the same year and managed as a group is likely to be fairly small, on the order of a few millimeters for fat depth and c 20 cm2 for LMA. Very high levels of scanning accuracy are therefore required to rank animals with reasonable precision. Consequently, a high repeatability requirement was set for accreditation. The root mean squared difference, or equivalently the standard error of the difference (SED) between a technician's first and second scans of the same animal, should be I 1.5 mm for rump fat, I 1.0 mm for rib fat, and I 6.0 cm2 for LMA. Standard errors of differences rather than mean absolute differences were chosen because of their general acceptance as a measure of variability and because, by squaring differences, a few large errors are properly considered more serious than a greater number of small discrepancies. Other measures of repeatability, such as the correlation between repeat scans and the maximum difference between repeat scans for all and for 90% of animals, were calculated and examined. However, because these measures are related, it has not been thought necessary to set any other formal standards for repeatability. Accuracy was assessed in several ways. First, it was measured by correlations between scans and carcass measurements; these correlations had to be 2 .75 in the first two accreditation tests, known as clinics. The standard was subsequently raised to 2 .90 for fat measurements and 2 .80 for LMA, with the proviso that, because correlations depend on overall variability, the observed variation between animals should be similar to that in the first two clinics. In fact, although LMA variation was similar in the third clinic, fat depths were substantially less variable (Table 21 , so the minimum fat correlation for this clinic was reduced to .85.
Regression techniques were also used, but as yet no formal standards have been set for coefficients or residual standard errors. Their introduction will require accurate knowledge of relationships between scan and carcass data. These are currently under investigation. However, multiplying scan LMA by 1.17 generally gives results reasonably close to carcass values (Stouffer and Pelton, 19881. For accreditation, apart from an overall constant, the SED between scans (x 1.171 and carcass measurements had to be < 5.5 cm2. This set a n upper limit to prediction errors.
Cattle were slaughtered within 5 d of the clinics and hides were removed using a mechanical puller assisted by two operators with air knives. There was no shrouding or scribing. Carcasses were chilled and hung overnight before measurement. Great care was taken to ensure accuracy of carcass data. In the first clinic, two people independently measured each side of each carcass twice (four measurements total per side). Fat depths were measured with callipers to the nearest millimeter, and LM were traced with a felttipped pen onto a plastic sheet (four tracings per side); the areas were measured later using a digitizer. In fact, each area was digitized twice, to obtain an estimate of the digitizing error, which proved to be negligible. In subsequent clinics, three independent recorders were used, each measuring each side once. All discrepancies between carcass measurers were examined carefully. This was achieved in the first clinic by comparing traced outlines of muscle areas; in the second, video recordings of the carcasses were also used. Any suspect or wayward tracings were omitted. Consequently, reports here of carcass measurement error actually underestimate the true variability. There was an overall difference between carcass LMA tracers of about 1.3 cm2 ( + .20) in the first clinic and similar differences in the other clinics (Table 31 , presumably due to the tendency of tracers to deviate either to the inside or outside of the muscle boundary. After deletion of wayward measurements, adjustments were made to obtain estimates of carcass values as if they were measured by all recorders for the clinic. The average of measurements on the left and right sides of the animal were then taken as the "true" carcass value, against which scans were compared, irrespective of the side actually scanned.
Results and Discussion
Eight technicians have been accredited so far, three at the first clinic with two more after a retest for repeatability, another two at the second clinic, and one at the third. Mean values for repeatability, correlations, and standard errors of prediction (SEP) for accredited technicians are given in Table  4 . The average correlations for rump fat, rib fat, and LMA with carcass measurements of .92, .90, and .87 are encouragingly high, with average residual SD or SEP carcass measurements of 1 mm for fat depths and 5 cm2 for LMA.
It is also a condition of accreditation that applicants undergo an annual reaccreditation test. So far, three of the eight accredited scanners have been retested and one has allowed his accreditation to lapse. All retests were successful. Results are summarized in Table 4 . Experience improved repeatability and accuracy for fat scanning but had little effect on SEP of carcass LMA, far and away the most difficult requirement. Correct identification of the medial and, to a lesser extent, lateral edges of the LM requires some skill. Because of their acute angles to the beam, echos may be lost in the deeper tissues, so the sonographer must be able to interpret the image. Another problem is that the transducer on some current equipment is too small to give a complete picture of the LM, so the operator adjusts its position to get the best image of one side of the muscle, freezes the image, and displays the frame on one-half of the monitor, then moves the transducer until the adjoining area is visible and the two frames match exactly. It is by no means an easy task. Some operators prefer to use a purposebuilt guide that consists of a channel the same width and twice as long as the transducer, underneath which sits a curved standoff pad to give acoustic contact with the animal. Others find the process easier to perform freehand, although this introduces systematic distortions into the image, for which allowance can be made, with difficulty, when tracing the picture. Two of our sonographers have now purchased machines with a 17-cm transducer to avoid this problem. They were given an opportunity to assess its accuracy at a fourth accreditation session. Variation between scan and carcass LMA was reduced by approximately 25%, although fat scans were approximately 25% less accurate. Use of a computer package to trace and measure muscle areas further increased accuracy of measuring LMA by 1 0 Yo . Table 5 gives average correlations between carcass measurements and those of technicians achieving the repeatability and correlation requirements for each measure. In all clinics, average correlations were highest between scan data and the mean of the left and right sides of the carcass, rather than the particular side scanned. This suggests that, rather than biological differences, much of the variation between left and right sides of the carcass is, in fact, due to handling and dressing procedures, and hence should be considered as measurement error. It was interesting to note that the second-highest correlations were with the maximum of left and right, suggesting that a small amount of fat damage or stripping had taken place. The maximum of left and right sides happened also to correlate second-highest for LMA. A similar picture of the differences between left and right emerges from Table 6 . Here scan values for each side were estimated as the mean of all measurements on that side by technicians who satisfied the requirements. Correlations between left and right fat scan measurement were higher than their carcass equivalents, again suggesting that extra variation had been introduced by handling and dressing procedures. The LMA correlations were the same, but fewer technicians achieved LMA accreditation requirements, so results were based on data from two technicians for right and only one for left at the first clinic, and on data from two for right and two for left at the third (compared with three or four measurements on each side of the carcass). The smaller number of technicians would tend to increase errors and so reduce correlations. The two technicians accredited at Clinic 2 happened to scan the same side, so their results could not be included.
Accuracy of Scan and Carcass Data
To achieve a better idea of relative accuracies of scan and carcass data, the variation from taking a single carcass measurement was split into the component parts of recording and measuring errors and variation caused by handling and dressing procedures. This was achieved for LMA in the first clinic by fitting the following random terms:
where R = recorder, A = animal, S = side, N = measurement number (first or second measurement of the recorder on that side), E = error, in a linear model and fitting variance components for each of them (Robinson, 19871. The last term in the model represents digitizing error, so it was not used in the analysis of fat measurements, for which the final error term was the RASN interaction. In the second and third clinics, no repeat measurements were taken by the same person, so the model was simply the first five terms above:
The error term here represents the RAS interaction.
Similarly, variation in scan measurements was split into errors in taking measurements, variation between technicians and variation between the left and right sides of the animal, using Model 121. The SED between repeat measurements, derived from the estimated components of variance, are given in Table 7 for the same side of the carcass and opposite sides. For scans, SED between consecutive measurements of the same side of the animal by the same technician and two different technicians are given, as are the SED of two technicians measuring opposite sides of an animal.
A similar approach was taken by McLaren et al.
(19921, who also used a variance component analysis to split errors into inconsistencies between operators and residual measurement error. Operators had been trained using a brief sample tape, although four out of the five had previous experience using ultrasound with pigs and(or1 cattle. They concluded that image interpretation caused a larger source of variation than did image acquisition. However, their results imply SED between repeat measurements of 5.3 mm for 12/13 rib fat and 17.6 cm2 for LMA in cattle, compared to averages of 1.0 mm and 5.7 cm2 in Table 7 . This demonstrates that considerable skill and expertise is required to produce accurate results and that an effective training and accreditation system is needed.
It can be seen from Tables 7 and 4 that fat depths were measured much more repeatably by ultrasound than on carcasses. However, there was some variation between technicians. Much of this was systematic, so it could be reduced by improved standardization or adjustment for technician effects. An extreme example was noted in the second clinic, in which one technician used a technique of positioning the transducer for fat measurement then raising it as far as possible to ensure no distortion of fat layers. The result was a regression relationship with a n intercept of zero and a slope of c = .64 scan, where c is the predicted carcass values, and a correlation of ,975 with the carcass data, higher than that of .968 between means of the three carcass measurements on the left with the three on the right. A combined analysis of the other seven participants gave c = .84 scan. There was no evidence of a calibration problem, because the LMA values from this technician were not too high. It is possible that his determined attempts not to compress fat layers has some effect on the slope. Although muscle is more compressible than fat in some animals, changes in fat thickness are also clearly seen on the sonogram, even with fairly light pressure. To achieve comparability, the technician was instructed to check results and if necessary to scale down to the more usual 20% above carcass data.
The bulk of the scan data on which our first set of genetic parameter estimates were based (Robinson et al., 19901 was in fact recorded by one technician. His results at Clinic 3 are illustrated in Figure 1 , which shows the relationship between a single scan measurement and the mean of six carcass measurements, compared with the means of three left and three right carcass measurements. To assess accuracy, the prediction variance from the regression equations for this technician was split into errors due to measuring carcasses and to taking scans and those due to inconsistencies in the relationship between scan and carcass data. Results are presented in Table 8 . For rump fat, there were few inconsistencies between scan and carcass measurements. It can be seen that a single scan measurement is at least as accurate as six carcass measurements. Both scan and carcass rib fat can be measured more repeatably than rump fat, but the SEP is higher, because there seem to be more inconsistencies between scan and carcass rib fat. One difficulty may be variation in fat thickness along the 12/13th rib, so any differences in interpretation of the exact measurement location will show up as inconsistencies. Other possibilities are discussed later. Even if all the inconsistencies were due to problems in scanning, accuracy of a scan measurement compares reasonably well with that of a single carcass measurement. For LMA, it seems likely that a large proportion of the inconsistencies was due to difficulties in interpreting scans. Even so, the SEP of 4.64 and 4.68 from Clinics 1 and 3 compare well with the accuracy of a single carcass measurement (Table 7) .
Relationships Between Scans and Carcass Data
The observed relationships between scan and carcass measurements are illustrated in Figure 2 . The identity relationship (i.e., scan = carcass) has also been indicated by a dashed line to aid interpretation, as well as the fitted relationship from a joint analysis of all data from all technicians satisfying requirements.
Rump Fat. Figure 2 shows mean results of all technicians that satisfied the rump fat standards at each of the three clinics plus data from a n additional clinic to assess technicians for fat measurement only. Scan measurements generally seem to exceed corresponding carcass values.
The velocity of sound varies with temperature, tissue type, and fatness (Wells, 19771, and it is higher in muscle (1, 540 to 1,630 m/s) than in fat (1, 460 to 1,470 m/sl. Lewin and Busk (19821 reported values of 1,600 and 1,470 m/s for L M and fat in beef cattle. The calibration velocity of most RTUS machines is around 1,530 m/s, but it can sometimes vary between 1,525 and 1,540 m/s, according to the transducer and monitor fitted (personal communication with R. Bradbury, CEA, UNE, Armidale and a manufacturer). Because velocity through fat is slightly slower than the machine calibration, reflected sound through fat tissue has not traveled quite as far as calculated. True fat depths should therefore be about 96% of machine readings. Our fitted overall relationship was c = .83 scan ( f .007), somewhat less than this. It is possible that fat layers may stretch and slide away from the P8 position on the hanging carcass, because of its general convexity, accounting for the generally lower than expected carcass measurements.
As has already been indicated, there were some differences in technique between technicians, but the overall scan-carcass relationship was stable for the three main clinics. However, it was significantly different in Clinic 4, in which animals were slaughtered at a different abattoir and some difficulties were experienced measuring carcasses because of fat damage. Despite this, carcass measurements were higher than expected from the other clinics. The technicians at Clinic 4 were relatively inexperienced and only one gained accreditation, so firm conclusions are difficult. The majority of our technicians repeatably measured P8 fat depth approximately 20% higher than carcass measurements, irrespective of the fatness of the animal. However, one may not be able to extrapolate this relationship to other circumstances or other abattoirs.
Rib Fat. Scanned rib fat depths were reasonably close to carcass measurements, but there was a tendency for scan measurements to overestimate carcass values for animals with little fat and to underestimate values for fatter animals (Figure 2 ). The overall fitted relationship was c = 1.14 scan -.68. Unlike the P8 location, the 12/13th rib site is located on a concave area of the hanging carcass. Carcass rib fat layers may bunch here and be thicker than on the standing animal; these effects could be greater on fatter animals, as may any expansion of fat layers after hide removal.
A similar clinic conducted by Texas A&M University also found higher carcass rib fat measurements (D. S. Hale, personal communication). This is illustrated in Figure 2 , in which the overall fitted relationship for the combined Australian and Texas data was c = 1.25 scan -.87. Brethour (1992) also noted this effect, as did Save11 et al. (19891, who took ultrasound measurements of hanging cattle before hide removal. They published tables indicating that, over all yield grades, adjusted carcass values were 2% higher than ultrasound measurements. Interestingly, yield grade 1 and 2 cattle averaging 11 mm of adjusted carcass fat had ultrasound measurements 4 O/O higher than carcass and yield grade 3 steers, averaging 15 mm of adjusted fat, averaged the same for ultrasound, whereas yield grade 3 and 4 heifers and grade 4 steers averaging 19 mm had 
